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In this letter we demonstrate universal symmetry breaking by means of magnetically induced cir-
cular dichroism. Magnetic field induces forbidden at zero field atomic transitions between ∆F = ±2
hyperfine levels. In a particular range of magnetic field, intensities of these transitions experience
significant enhancement. We have deduced a general rule applicable for the D2 lines of all bosonic
alkali atoms, that is transition intensity enhancement is larger for the case of σ+ than for σ− excita-
tion for ∆F = +2, whereas it is larger (e.g. up to 1011 times for 85Rb atoms) in the case of σ− than
for σ+ polarization for ∆F = −2. This asymmetric behaviour results in an explicit circular dichro-
ism. For experimental verification we employed half-wavelength-thick atomic vapor nanocells using
a derivative of selective reflection technique, which provides sub-Doppler spectroscopic linewidth
(∼50 MHz). The presented theoretical curves well describe the experimental results. This effect
can find applications particularly in parity violation experiments.
In the presence of external magnetic field magnetic
circular dichroism (MCD) in an atomic media for right
(σ−) and left (σ+) circularly polarized radiation attracts
growing attention due to numerous applications. This
process is intrinsically linked with magnetic birefrin-
gence, which underlies linear and nonlinear Faraday rota-
tion. Magneto-optical processes are successfully used in
magneto-optical tomography, narrowband atomic filter-
ing, optical magnetometry, tunable laser frequency lock-
ing, etc. [1–7]. Fundamental interest towards MCD is
particularly connected with studies of parity violation in
optical experiments with heavy atoms [8–12].
A strong MCD has been measured for the number of
electrons ejected by ionization of atomic helium using
right-polarized light [13]. Magnetic field-induced modi-
fication of atomic transitions probabilities of Fg = 3 →
Fe = 5 of Cs D2 line, which are forbidden at zero mag-
netic field was reported for σ+ polarized laser radiation
[14].
Previously we have shown that in a particular range of
external magnetic field that depends on hyperfine split-
ting of an isotope, D2 lines of all alkali atoms contain
two groups of transitions which are forbidden by the
∆F = 0,±1 selection rule for the total angular momen-
tum at zero magnetic field [14]. Application of a magnetic
field causes mixing of states, allowing transitions between
the states with ∆F = ±2, which we call magnetically
induced (MI). For the case of Rb these transitions are:
Fg = 2 → Fe = 4 and Fg = 3 → Fe = 1 for the
85Rb
isotope, and Fg = 1→ Fe = 3 and Fg = 2→ Fe = 0 for
the 87Rb isotope. The transitions obeying the selection
rules ∆F = +2 and ∆F = −2 in the first and second
groups correspondingly, behave distinctly depending on
whether the excitation radiation is σ+ or σ− polarized,
more importantly, this relates also to the individual tran-
sitions in each group. We show that for the first group
(∆F = +2) of 85Rb, the strongest transition probability
for the case of σ+ is almost five times higher than that for
σ− polarization, while for the second group (∆F = −2)
the strongest transition probability in the case of σ− is
about 1011 times higher than that for σ+ polarization.
In other words, in the first group for the case of σ+ ra-
diation, transitions are stronger than in the case of σ−,
whereas in the second group the transitions are stronger
for the case of σ− polarization. This difference leads to
an explicit circular dichroism.
In the present work we studied, both experimentally
and theoretically, an explicit circular dichroism for MI
transitions of 85Rb and 87Rb D2 lines. The observed be-
havior is further generalized for the D2 line transitions
FIG. 1. Layout of the experimental setup: (ECDL) cw laser
with λ = 780 nm, (FI) Faraday isolator, (NC) Rb nanocell
inside an oven, (PM) permanent magnet, (PD) photodetector,
(λ/4) quarter-wave plate (”SR” and ”ref” stand for selective
reflection and reference channels, respectively). Upper right
inset: photograph of the NC, oval marks region around 390
nm. Upper left inset: geometry of the three reflected beams.
The beam (SR) propagates in the direction of R2.
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FIG. 2. The experimental (magenta line) and theoretical dSR (black line) spectra of the Rb vapour in nanocell with the
length of 390 nm. Peaks are labelled according to the diagrams. The low frequency part of the spectra for (a) σ+ and (c) σ−
polarization at 500 G; the high frequency part of the spectra for (b) σ+ and (d) σ− at 650 G.
of all alkali atoms. The studies have been performed
by derivative of selective reflection (dSR) technique us-
ing a Rb vapor nanocell with half resonance wavelength
thickness (L ≈ λ/2 = 390 nm), which provides strong
narrowing of spectral lines (40 - 50 MHz) and uniformity
of the applied B-field in the interaction region [15, 16].
The experimental arrangement is schematically
sketched in Fig. 1. A single-frequency γL/2pi ≈
1 MHz bandwidth cw external cavity diode laser with
λ = 780 nm wavelength is used. The collimated
PL ≈ 20 µW circularly polarized beam is directed at
normal incidence onto the L = λ/2 area of the Rb
nanocell’s (NC). The general design of NC is similar to
that described in [17–19]. A compact oven is used to
maintain the required temperature regime (TR ≈ 100
◦C
for thin sapphire reservoir containing metallic Rb,
and about 20 ◦C higher at the windows) to obtain ∼
1013 cm−3 atomic number density. Smooth vertical
translation of the cell and oven assembly allows an
appropriate adjustment of the atomic vapor column
thickness avoiding the variation of thermal conditions.
The selective reflection (SR) beam is separated from
two other beams reflected from the front and rear sur-
faces of the cell (see the upper left inset of Fig. 1), and
after passing through narrow-band λ = 780 nm filter is
recorded by a photodiode (PDSR). A strong permanent
Nd magnet mounted on the micrometric-step translation
stage in the proximity of the cell’s rear window provides
calibrated magnetic field. The B-field strength is varied
by simple longitudinal displacement of the magnet. To
have a reference signal, a fraction of laser radiation is
directed to an auxiliary L = λ Rb nanocell NCref [20].
The reference signal is recorded simultaneously with the
SR signal while the laser frequency is linearly scanned
across the D2 line. The scanning rate is chosen to be slow
enough for assuring a steady-state interaction regime.
One of the advantages of our experimental setup is
its simplicity, it allows not to use complex setup with
vacuum chamber to produce cold atoms in order to
have light-atom interaction for the same velocity atomic
group. Vertically (to light beam) flying atoms in a
nanocell provide narrow spectral lines. Secondly, because
of the high temperature (∼100 ◦C), it is possible to have
sufficient number of atoms in light-atom interaction area
to have a relevant dSR spectrum. And lastly, in our setup
it is needed only one and low power cw laser beam, which
allows to avoid saturation effects.
The obtained complete spectra of D2 lines of Rb for σ
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FIG. 3. Theoretical B-field dependencies of the ratio of MI
transition probabilities. Red and blue lines are for 85Rb and
87Rb respectively. a) A+(3+)/A−(1−) and A+(7+)/A−(5−)
(first group). b) A−(4−)/A+(2+) and A−(8−)/A+(6+) (sec-
ond group).The diagrams of corresponding MI transitions of
85Rb and 87Rb are shown in the insets.
and σ− polarizations are shown in Fig. 2a,b and Fig. 2c,d,
respectively. While Figs. 2a and 2c represent the low
frequency parts of the D2 lines containing transitions of
∆F = −2 group at 500 G, Fig. 2b and 2d represent the
high frequency part of the D2 lines containing transi-
tions of ∆F = +2 group at 650 G. Labeled are only the
strongest eight out of 24 MI transitions and the labeling
on the plots corresponds to the transition diagrams in
insets. Magenta line represents the experiment and the
black line the theory, the latter is based on the model
described in detail in Ref. [22, 23] and the mismatch of
the theory and experiment is less than 5%. At zero and
B ≫ B0 (B0 = Ahfs/µB, Ahfs is the hyperfine coupling
constant of ground states and µB is the Bohr magneton
[24]) magnetic fields the intensities of the labelled transi-
tions are zero, while in the presence of intermediate mag-
netic field, as we see, some of them are strongly enhanced.
From the comparison of Fig. 2a and Fig. 2c it is obvious
that the intensities of ∆F = −2 group MI transitions
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FIG. 4. Magnetic field dependence of MCD figure of merit
coefficient CMCD for different magnetic-induced transitions
of the Rb.
at 500 G for σ− polarization is about 105 times bigger
than for σ+ polarization, whereas comparing Fig. 2b and
Fig. 2d the intensities of the ∆F = +2 group MI tran-
sitions at 650 G for σ+ polarization are greater about 4
times than for σ− polarization. These two observations
lead to a conclusion that there is a definite range of mag-
netic field when evident circular dichroism exists.
We emphasize the distinctions between σ+ and σ− ex-
cited MI transitions probabilities in each group by show-
ing the dynamics of the ratios of transitions probabilities
depending on the B-field in Fig. 3. The red lines are
the ratio of the probabilities of the 3+/1− and 4−/2+ MI
transitions for 85Rb and the blue lines are the ratio of the
7+/5− and 8−/6+ transitions probabilities for 87Rb. For
convenience, we denote by A+ and A− the transitions
intensities for σ+ and σ− excitation, respectively. While
the ratio A+/A− of the transitions probabilities for the
first group reaches almost five (already demonstrating
the existence of dichroism), for the second group the ra-
tio A−/A+ reaches several hundreds of thousand. Such
difference in each group results in an explicit circular
dichroism. The revealed phenomenon can be termed as
”frequency-controllable MCD”, since by varying the laser
field frequency and polarization, it is possible to switch
dominating transition intensity from σ+ (for ∆F = +2
MI transitions) to σ− (for ∆F = −2 MI transitions).
To describe the dichroism quantitatively, we intro-
duce the figure of merit coefficient CMCD, defined as
CMCD = (A
+ −A−)/(A+ +A−). Magnetic field depen-
dence of CMCD for each group and for
85Rb (red) and
87Rb (blue) are plotted in Fig. 4. The solid lines corre-
spond to ∆F = +2 groups and the dashed lines corre-
spond to the ∆F = −2 group. The value CMCD = 0
demonstrates the absence of MCD, while CMCD > 0
or CMCD < 0 indicates the presence of stronger tran-
sition intensity for σ+ or σ− excitation, respectively.
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FIG. 5. Calculated absorption spectra of 85Rb D2 line for
B = 1 T in the case of σ+ (red) and σ− (blue) polarized exci-
tation. Zero detuning frequency position corresponds to the
weighted center of 5S1/2 → 5P3/2 line. The inset illustrates
the ”mirror” overlap of σ− and σ+ spectra when σ+ spectrum
is flipped horizontally. FWHM is 100 MHz.
The outermost values CMCD = ±1 correspond to com-
plete suppression of the transition intensity to zero for
σ− or σ+ excitation, accordingly. The highest nega-
tive value CMCD = −1 is reached at B > 80 G for
Fg = 3 → Fe = 1 transition of
85Rb, and at B > 200 G
for Fg = 2→ Fe = 0 transition of
87Rb, manifesting com-
plete vanishing of σ+ MI transition. The highest positive
value of CMCD for Fg = 2 → Fe = 4 transition of
85Rb
and Fg = 1→ Fe = 3 transition of
87Rb always stay be-
low +1, approaching only to 0.6. We have observed the
MI transitions behavior also for Cs and K atoms both ex-
perimentally and theoretically. However, we provide the
spectra only for natural Rb atoms, to have comparison of
different isotopes. According to the mentioned above ob-
servation, the highest value of the figure of merit reaches
to 0.6 for the ∆F = +2 and ∼ −1 for the ∆F = −2
groups of transitions of the Cs and K. Thus, we general-
ize the described phenomena, that is, the strongest MCD
occurs for ∆F = −2 transitions of D2 lines and the MI
behavior is the same for all bosonic alkali atoms.
As we mentioned, MCD is observed in a particular
range of average magnetic fields (B < B0), while in the
case of Hyperfine Paschen-Back (HPB) regime (B ≫ B0)
the MCD is absent. This is due to the decoupling of I
and J quantum numbers in strong magnetic fields (B ≫
B0), which results in the change of the basis of quantum
numbers. In this case, all the MI transitions become
forbidden again.
In contrary to mentioned above asymmetry, to demon-
strate the complete symmetry D2 line absorption spectra
of 85Rb for B = 1 T (HPB regime) are calculated in the
case of circularly polarized excitation shown in Fig. 5.
As is clearly seen, the groups of σ+ and σ− polarized
transitions exhibit mirror symmetry with respect to the
zero detuning frequency. This behavior is emphasized in
the inset, where the frequency of σ+ spectrum is inverted
(multiplied by −1), demonstrating almost complete over-
lap of σ+ and σ− spectra, the mismatch is only ∼ 0.1 %.
In conclusion, we derived a general rule for the intensi-
ties of atomic MI transitions for the groups of ∆F = +2
(first) and ∆F = −2 (second) of D2 lines of all bosonic
alkali atoms (in total > 50 transitions) excited by σ+
and σ− circularly polarized radiation in an intermediate
external magnetic field. We show that in a particular
range of magnetic field transitions intensities in the first
group are stronger for the case of σ+ laser polarization
and vice-versa for the second group. We demonstrate
symmetry breaking by dint of complete MCD for the
group of ∆F = −2 transitions. In contrast to this asym-
metry we also show the full mirror symmetry in HPB
regime, when MCD is absent in strong magnetic fields.
Frequency-controllable MCD can be used to switch the
dominating transition intensity from σ+ to σ− transi-
tion by scanning and changing the polarization of the
laser field. The simplicity of the experimental setup is
demonstrated. The observed strong dichroism (see e.g.
the sharp peak A−/A+ > 1011 for B ≈ 255 G in Fig. 3b)
can be of interest as a diagnostic (detection) tool in the
experiments on nuclear spin-independent parity violating
weak interaction of the electron with the nucleus associ-
ated with the weak charge QW , and in the experiments
on nuclear spin-dependent parity non-conservation asso-
ciated with interaction of the electron with the nuclear
anapole moment [25, 26]. The elaboration of new ex-
perimental schemes and the corresponding estimates are
beyond the scope of this paper.
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